Introduction
A considerable amount of literature has been published on the volume-outcome relationship in pancreatic surgery. The majority of these studies have found a strong inverse association between mortality and hospital volume [1] [2] [3] [4] [5] . Moreover, a number of studies revealed similar effects between hospital volume and postoperative complications, readmission rates, and failure to rescue, respectively [6] [7] [8] . Despite this growing body of international evidence, equivalent outcomes data on pancreatic surgery in Germany have not been available until recently. Nonetheless, the German Federal Joint Committee (G-BA) has established minimum caseload requirements for pancreatic surgery (10 procedures per year) with the goal to improve patient care. This regulation has been formally binding for all hospitals that are permitted to charge the German statutory health insurance carriers for their services since 2004 [9] . However, the regulation also provides certain general exceptions that may compromise its desired effect of centralization of care structures. The fact that we unexpectedly found high mortality for most procedures and medical indications as well as high rates of postoperative complications in our recent analysis is additionally challenging the efficacy of current health policies that aim to improve the outcomes of high-risk surgical procedures in Germany [10] .
Therefore, current research focuses on providing objective data on effects of volume-outcome relationships and minimum caseload requirements on the quality of surgical care in pancreatic surgery in Germany. This article reviews the most recent studies on this subject.
Methods
A literature search on outcomes of pancreatic surgery in Germany was carried out using the Medline database. The following search terms were used: ('pancreatic surgery' OR 'pancreatic resec-
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tion' OR 'pancreatectomy') AND ('Germany') AND ('hospital volume' OR 'high volume' OR 'low volume' OR 'annual caseload') OR ('minimum caseload requirements' OR 'minimum volume requirements'). The search findings were screened and full articles were obtained in case of potentially relevant references. To be eligible for inclusion, studies had to report on volume-outcome relationships or effects of minimum volume requirements in pancreatic surgery in Germany. All studies were restricted to those analyzing datasets of mandatory hospital quality reports or hospital discharge data that cover the entire German population or large portions of it.
Results
A total of 57 studies were identified. After screening of titles and abstracts, 51 articles were excluded and of the remaining 6, 4 publications were suitable for inclusion in the present study [9, [11] [12] [13] .
Using data from the mandatory hospital quality reports for the years 2006, 2008, and 2010, de Cruppé et al. [11] performed a retrospective longitudinal analysis to evaluate potential centralization effects for six procedures. For pancreatic surgery, no centralization was found from 2006 to 2010. Instead, the annual number of cases and the number of hospitals performing pancreatic surgery rose by 11.2 and 5.5%, respectively. Moreover, about 30% of all hospitals that performed pancreatic surgery did not comply with minimum caseload requirements. An analysis of German hospital discharge data from 2006 to 2011 also revealed that a large proportion of hospitals perform pancreatic surgeries without achieving minimum caseload requirements and that a substantial number of pancreatic surgery inpatients was treated in such facilities [12] . This study found a mild trend towards a concentration of care structures within the field of pancreatic surgery from 2005 through 2011 (percentage of hospitals with caseload below minimum caseload requirements: 64.1 to 48.7%; percentage of pancreatic surgery cases in hospitals below minimum caseload requirements: 19.4 to 11.4%, respectively), which seemed to stop between 2011 and 2013 [9] . Another study assessed volume-outcome relationships related to pancreatic surgery using hospital discharge data from Germany's largest provider of statutory health insurance [13] . Although this provider covers only 30% of Germany's population, its database offers the possibility to follow up patients for up to 1 year beyond the initial inpatient episode. Based on this feature, Alsfasser et al. [13] were able to demonstrate that hospitals of the lowest volume quintile exhibited not only the highest in-hospital mortality (adjusted odds ratios (AOR): 2.1 (95% confidence interval (CI): 1.4-3.0)) but also the highest 90-day mortality (AOR: 1.9 (95% CI: 1.4-2.6)) and 1-year mortality (AOR: 1.7 (95% CI 1.4-2.2)) compared to hospitals of the highest volume quintile. Finally, Nimptsch et al. [9] used nationwide German hospital discharge data to investigate the association between adherence to minimum caseload requirements and outcome of complex in-hospital procedures such as pancreatic surgery. In this study, all inpatient episodes of pancreatic surgery from 2006 to 2013 (n = 78,879) were assigned to two groups according to the annual caseload of the treating hospital (< minimum caseload vs. minimum caseload). Adjusted in-hospital mortality in hospitals with caseload above the minimum caseload requirements was significantly lower than in hospitals with a caseload below the minimum caseload (8.6% (95% CI: 8.3-8.8) vs. 11.8% (95% CI: 11.2-12.5)). In addition to these studies, we confirmed the presence of a strong inverse association between hospital volume and in-hospital mortality ( fig. 1 ) in an unpublished analysis of all German inpatient cases of major pancreatic surgery (n = 60,858) from 2009 to 2014 (i.e. risk-adjusted mortality of very-low-volume vs. very-high-volume hospitals: 11.5 (95% CI: 10.9-12.1) vs. 6.5% (95% CI: 6.0-7.0)). Besides, we found a strikingly high number of hospitals (mean ± standard deviation (SD): 398 ± 8.5) with a very low annual caseload (mean ± SD: 5.1 ± 3.7) (fig. 2) . In consequence, we simulated a potential market concentration within the lower (poorly performing) hospital volume quintiles and estimated that such a centralization process could potentially prevent 120 deaths per year based on the crude mortality rates (unpublished data).
Discussion
Recent observational studies provided two important findings. First, there is a strong inverse relationship between hospital volume and mortality following pancreatic surgery in Germany that persists for up to 1 year. Second, the introduction of minimum caseload requirements did not result in a sustainable consolidation of care structures in pancreatic surgery over the last years.
The existence of a significant relationship between hospital volume and mortality supports our previous assumption of the presence of a relevant publication bias wherein mostly departments with good performance report their results. While mortality rates reported by previous German single-or multi-institutional studies published on pancreatic surgery (0-7.8%) correspond to higher hospital volume categories [14] [15] [16] [17] [18] , nationwide in-hospital mortality (10.1%) rather correlates with lower hospital volume categories [10] . These findings underline the importance of accompanying outcomes research that comprises data from large clinical registries or even complete national administrative databases, as they pro- vide an objective view on disease-specific patterns of hospital care and on outcomes. Beyond that, volume-outcome effects are of special interest in complex surgery because quality parameters related to such interventions continue to remain a source of debate. For complex procedures that are less frequently performed, such as esophagectomy and pancreatectomy, direct measures of surgical outcomes such as mortality and morbidity rates will not be statistically reliable metrics for policy decisions [1] . The performance status ('good vs. poor quality') of hospitals with caseloads below 10 procedures per year (almost half of all hospitals performing pancreatic surgery in Germany) cannot be assessed due to the statistical limitations of small sample sizes (low caseloads). In these settings, hospital volume remains a useful proxy measure of surgical quality and allows for selective referral of patients to hospitals with aboveaverage performance. The fact that almost half of all hospitals performing pancreatic surgery in Germany still miss minimum caseload requirements is not surprising, as Germany's inpatient care is characterized by overcapacities and too many small, non-specialized hospitals. Indeed, the hospital market structure did not keep up with the demands of increasing specialization and high-tech patient care resulting from recent medical advancements. Consequently, facilities with low caseloads may also fail to achieve equivalent outcomes like hospitals with high caseloads due to deficits in structural and process quality. A number of studies have demonstrated that variation in mortality is not just attributed to operative performance [6, 7] . Rates of postoperative complications alone also do not explain this discrepancy. Instead, variation in how well hospitals recognize and rescue patients from major complications once they have occurred is playing a more important role in explaining mortality rates [7] . The results of these studies show that outcomes following complex surgery also depend in large parts on the expertise of all persons and teams involved in complication management and not only on the surgeon's experience. This is particularly obvious concerning postpancreatectomy hemorrhage, the most feared complication in pancreatic surgery, that is best treated by interventional radiology rather than surgery in most of the cases [19] . Therefore, a 24-h interventional radiology service is a must-have structural attribute for hospitals that perform pancreatic surgery.
In the past, studies on US databases have described an increasing regionalization of high-risk surgery including pancreatic resections as a result of volume-based referral initiatives [2, 20] . There is evidence that increased market concentration and hospital volume have contributed to a declining mortality of pancreatectomy in the USA [2] . The studies mentioned above prove that referral patterns for pancreatic surgery have not sustainably changed since 2006 [9, 12] . Our present study confirmed that a centralization of care structures did not occur at the national level in Germany (fig. 2) . Instead, a trend towards an increase of inpatient cases in all volume quintiles could be observed.
The fact that patients undergoing pancreatic surgery in verylow-volume hospitals and even low-volume hospitals still have a disproportionally high risk of mortality necessitates a rethinking in current health policies. From our point of view, the following measures would potentially reduce mortality: First, minimal caseload requirements have to be enforced effectively. This may include sanctions for failure to achieve minimum volumes. Second, exception regulations should be restricted to facilities with apparent structural changes and adequate preconditions. Third, the threshold value of minimum volume has to be increased as the current value (10 resections per year) is too low to effectively reduce the current national overall mortality rate (10.1%), even if all hospitals comply with minimum volumes. Correspondingly, other European countries have already implemented higher minimum volumes (i.e. Netherlands = 20 resections per year, France = 30 resections per year).
Despite justified efforts to consolidate care structures of pancreatic surgery in Germany, one should keep in mind that volumebased referral may also affect the total number of procedures performed. Emphasis on procedure volume as a quality indicator may create incentives for hospitals and surgeons to operate more often [21] . Moreover, indirect effects of volume-based referral could interfere with patient access to surgical care, since loss of caseloads may threaten the viability of hospitals and negatively affect their ability to recruit and retain surgeons. Therefore, policy makers should anticipate potential benefits as well as unintended side effects of volume-based referral strategies.
Conclusion
Recent studies utilizing large administrative databases verified that pancreatic surgery in Germany is also subject to strong, inverse volume-outcome relationships (i.e. patients treated in highervolume facilities have better outcomes). There is objective evidence that compliance with existing minimum caseload requirements would already reduce morbidity and mortality of pancreatic surgery in Germany. As a result of an insufficient centralization in the recent past, however, a large proportion of hospitals that perform pancreatic surgery still do not meet minimum caseload requirements. Therefore, specific measures as well as new strategies to initiate sufficient centralization in the field of pancreatic surgery without threatening patient access to surgical care are needed. This process should be accompanied by initiatives to improve structural or organizational factors (proficiency in treatment of critical ill patients, minimal standards for nurse staffing) as well as specific processes of care (implementation of guidelines to manage procedurespecific complications).
